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Arras ..................... 
Breat ..................... 
M8mllLe ................. 

TABLE 12.-Preva%n wind directions and average relutive humiditicr 
for !awes, Brusse~s, a d  Montpeilier. 
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TABLE 9.-Total number of days wiih pr& itatbn from 1.01 to 2.00 
inches, and wilh w e  than 2.00 inches, for $e 5-year period 1907-1911, 
at sekcted slatknr in Etanee and in  the United 8tatea. 
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New york, N. Y 
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.4tlanta, Ga. ............. 
Chicago. 111 
st Louis Mo.. ........... 
Denver Colo ............ 

i Seattle. Wash.. .......... 
San Francisco. Cal..... . 

........ I 
............. i 

New O r k m ,  La.. ....... 
salt LaireCity,Utah.. ... 

Day;. 1 
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Amomms:  Same 83 for Tablea 7 and 8 above. 

TABLE lO.-Averaqe at atabbtrs in France 
AUTEORITIES: Annual reports of the French and Belgian meteorologieel aervlces. 

stations. 

I ’  i Francc 

Muntdidier !178Plf~9)b.. ............ 
Fhrn (1&3-1SSZ)c .................. 0 ...... . .  Brussei, Belglum (1833-18iO)d. 

15 
15 
8 
23 

Unffed Slates: 
New York.. ........................ ... ... 
Washington 
Atlanta Ga .......................... 
Chlcago’ p... 
Kanses’c.1t.y Mo 
Oklahoma, 6U. ...... ..... ..... 
Denver, (‘010.. ....................... ..... ... ... 

___--- 
m Annuaire de la SoeI6t.P MAtCorolo.!3qla ?e Fmncs, 1905 (Paris!. 
b Annalea du Rureau c’entrrrl N@l@omIomqiic (le Fraiicu, IS%. 
c Annnles dn Bureau Centr?l MBtBorolofiqW de France. 18L1.5. 
d Quffrkt:  ( limat de In Beleii i’e, Bnisalks. I d i .  
For the Unlted States, sec T:he 8 above. 

TABLE 11.-a4vma e cloudhess, in pffmbtages of total sky, at selected 
station in 8;.Mnce and Belgium and in the Chired Stntea. 

The values given in this table for France and Belgium a? avera.ges 
for the various hours of observation and probably approximate the 
daily averqes, the recorda in innst cases covering periods of at least 
10 ears. hose for the United States represent the normal average 
dairy cloudiness, sun& to au?Met, for a long period of years. 

FOG ALONG THE CALIFORNIA COAST. 
By ANDREW H. PALMER, Observer. 

[Dated: Weather Bureau office, San Francisco, &I., Oct. 15,1917.1 

When the Mwinc Eschange of the Snn Francisco Cham- 
ber of Commcrco was asked what proportion of shipmecks 
occurring don the Cdifornia coa.st was due to fog, the 
reply was, “A! of them.” That, eschange. keeps a de- 
t:uled record of all marine disasters occurring in the Pa- 
c i h  Occnn. The rec.ords previous to 1906 are no Ion er 

lowed the Snn brnncisco earthquake of A ril 18, 1906. 

Illii.lly shipwrecks have occurred. 9 cursory examination 
of this record showc.cl tlint nearly dl of those which oc- 
curred dong the California cotist were indirectly due to 
fog. The winds along the coast of California, though 
occasionally strong, are seldom of destructive violence. 
Hurricanes are practically unknown. Storms of the type 
which s~vecp the Atlamtic coast of the United States ever 

often csceecl 100 miles per hour in velocity, and the rec- 
ords include sonic of the highest winds ever recorded at 
soalevcl in the United Stntes. But these velocities, while 
true, nre restricted to  the immediate vicinit of the Point, 

-4long the California coast, clear-weather ales seldom 

rence, and often of lono duration, is a serious obstacle, 
and is witliout question h e  greatest menace to navigation. 

Though tlirrc h s  been an increasing demand on the 
&wt of ni:xiners for trustwort,hy fog dntn, the Weather 

r3uresu, until reccnt,ly, has been unable to render ef- 
fective service in this matter. Though situated near the 
coast, the regulu Weather Bureau stations at  Eureka, 
Snn Francisco, San Luis Obispo, Los Angeles, and Sm 
Diego were neverthelcss too fim removed from the steamer 
lanes to secure the desired data. However, during the 

nvnilnhlc?, as they wcre dcstrogcd in the fire which B ol- 

But the record kept since that date is vo P uminqus, for 

winter nre of rare occurrence. A t  Point Reyes local win B 8 

and never occur dong the routes followe B by steamers. 

cause more incoiivenicnce to shippin than de pi ayed sched- 
ules. But fog, which is unfortunn.te 9 y of frequent occur- 
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AUTHORITIES: 
Frauce--.4nnales du Bureau Central MBt6orobplque de Frrmce, 1884 
united BtatOS, 89 above. 
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Latitude J.on$tuda 
I 

Lighthouse. 1 North. 1 \\&. 

summer of 1916, an arrangement was effected between 
the Lighthouse Service and the Weathcr Bureau whereby 
the latter secures R re ort each month showing the num- 

(Throughout this discussion 1111 refermces to  ‘*fog” inifly 
“dense fog,” the technical terni used in the Weat, ier 
Bureau describing the condition under which objects me 
invisible at  ~t distance of 1,000 feet.. No cognizmcc is 
here taken of light fog, diere  objwks are visible tit tt 

greater distance then that named.) A t  these 41 stntions, 
all but three of which are lighthouses! there :ire various 
kinds of fo sigiials in operation during t.imes of fog, both 
by day ani by night, arid the keepers twc iiist.ruot.cc1 to 
keep an accurate record of the time. These rvport,s i m  
collected each ni0nt.h hy the liohthouw inspector, Sari 
Francisco, who in turn foiwar& copita t.o the Qwtion 
Centerof the Weather Bureau, tit Sitcrament,o, C‘al., m11t.r~ 
they are published monthly in the “Clininto1ogic:il Dr.t:l 
for the Ctdifornin Sedan." 

ber of hours of dense P og at  each of 41 fog signal stations. 
Height 
oflight above 

u g h  
tide.* 

FIGURE l.-Outllne mdp of Califurnin indit*ntin: by reference numbers the 
plt lons of fogsignal stations given in Tables 1 and 2. (Insert: Drriil 
cisco Buy stations.) 

Table 1 gives the nmics of the 41 fog sign:il st.:itions, 
the latitude cind tlie loiigitutle of each, the ht*iglit of tlic 
li ht  above high tide, and the kind of fog signal in iisc. 
&e stations at  Blunts Itref uncl Snn Frzuiciscu Light 
Vessel we on b o d  vessels which are nnchored in  fisc11 

All the others ttre 011 
Readlands, rocks, or breakwaters closely utlljuceiit to the 
routes followod by coastwise steiuncrs, or t. iose entering 
or leaving port. About one-half of thesic. m.! sili;itcd in 
or new Sari Frmcisco Bay. The tip rosinintc positions 

rqmrts ztrc re- 
ceived are s 5 own graphically in figure 1 ,  in wliir-I1 th r  
numbers given refer to those stated in Tnble 1. 

ositions in the steiinim‘ lanes. 

of the 41 fo signal stations from wiich P 
38022-17-2 

Point Loma _.__._..._._. 
Rallmt Point ......_____ 
La Playa _________._._.__ 
1.os.hgelesOnter Hnrh- 

Los A n ~ l e s  lnner Har- 

Point Huenenie ._____.__ 
Point Conas tion.. . . .__ 
Point qrguelo ..___._.__ 
San Luis Obispo ......_. 
Piedm Rlanms __...._.. 
Point Sur __.....__...... 

bor. 

bor. 

.- 

Kef. 
Nos. 

-_ 

1 
2 
3 
4 

A 

6 
7 
s 
9 

10 
11 
13 
13 
14 

15 
16 

l i  

lS 
19 
20 

21 

Pa 

23 
?.I .s 
L% 
LT 

2s 
I 
:1u 

31 
32 
33 
34 
:E 
Bt i  
37 
18 

39 
40 
11 

-. - 

.. __ - .- - .. . . -. - 
0 I I #  rn # 8 1  Ftpt, 
32 39 55 117 14 32 68 
32 41 11 117 13 5R 34 
32 42 11 117 14 05 2s 
33 42 31 11s 15 03 73 

33 43 15 ‘118 16 13 ( 0 )  

34 OS 45 119 12 34 52 
31 26 56 la0 28 13 133 
34 34 41 1m 39 00 1u0 
35 09 35 l%l 45 37 130 
15 39 57 121 17 01 158 
36 1s 24 121 .il 5 0  

TABLE l.-Fog Bignu1 stationz on the want of California. 

AIIO NUCVO Island.. . . .. 37 08 a0 
I’i ron Point _...______.. 37 IO 56 
l’ofnt Montnrs ...._____ ! 37 32 15 

Farallon Islands __._._.__ j 37 41 55 
! 

123 20 10 73 
~2 3 30 I 148 
122 31 Mi 70 

123 00 04 I 358 

Fo signal 
mw%inery. 

First-class air siren. 
Bell. 

First-chs air siren. 
Bell. 

Firstclass air siren. 
Air diaphone. 
First-class air slren. 

Do. 

DO. 
Do. ~ .. no. 
Do. 
Do. 

ls inch steam whis 

-4ir diaphone. ’ 
12-inch stmm whip 

First-rlnss steam si- 

10-inch air whistle. 
-4ir diaphone. 
Isinch steam wbis 

Electric siren. 

tle. 

t1e.b 

ren. 

tle. 

Do. 
Bell. 
Electric siren. 
Bell. 
Electric siren. 
10-inch sterrm whis 

tle. 
I3ell. 

Do. 
1’3-inch tle. ste.rm whis 

Bell. 
First-clnss air siren. 
Bell. 
Air dia hone. 
First-c&s air siren. 

Do. 
Do. 

lainch the.b s t e m  w b b  

First-class air siran. 
Do. 
Do. 

*Fog sinids we saructimes a t  ii different dtitudn. 
11 No light. 
(. .\Is0 :I siibmarine bell. 

DURATION OF FOG. 

Table 3 summarizes trlie durat.ion of fog a t  41 fog signal 
stations of Califortiin for a period of one year. So far u9 is 
knowii , this is t,lie fiist, t h e  such coinp1et.c fog data col- 
lect,erl don t,he California coast niid covering n year of 
time, 11 uve Reen nssembled arid published.’ The year was 
a11 ordinitry oi ip  froiu :I meteorological st,zuitlpoiii t., and 
m:iy safely hc. rcgnrderl :is t,ypicd: ‘ h e  summary 
prese1it.s iiitc!rc.st.ing t letds.  l ’ l ie suninier months had 
t,he most. fog, the great.est. amount haviri 
Sept.ember. l h e  wint.er niont.lis had t.he 
midlest amount. having occurred in Mtirch. 8urinq 
ihgust,, 1917, HuI1iboldt Tablo Bluff had 443 I ~ O U ~ S  o 
fog, or 59 per cent of t,he moiitli; a t  Blunt,s Reef during 
tlie same mont,li t,here were 413: hours of fog, or 56 per 
cent. of tlie month. Bt, Point Reyes, where the sun is 
somct,inies hidden by fog for three and four weeks at  a 
t.ime, there were 370 hours of fog during July, 1917, or 
51 per cent, of that month. On account of its persistent 
fog mant,le, Point Reyes has the unique distinction of 
being the coolest place in tlie United Yt.at.es during t,he 
midsummer mont.hs. 

- _ _  . - ... _ _  . . - -- 
I &e however [r 8 Burcat6 of Li hWousr.9. The Unlted 8t3tes Lighthouse service 

1915. \V&lngth; i u .  Also th& REVIEW, January, 1916, 44: 21, and the presani 
hie, p. 4%. 
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It is ap arent froni the table that from Point Arguello 

ing the summer months. Point Arguello, wliere tlie 
fogs are invariably thick, is recognizfcl among mariners 
to be one of the most clan erous points 011 t,lie Pacific 

Bay, is also a region of frec uent, fog, and shipwrecks have 

was the wreck, on Fort, Point, lleef, on February 33, 1901, 
of the st,eamer Rio de Jmeiro with t,he loss of 127 lives. 
Near B1unt)s Reef, another reaion ol escessive fog, t,lw 
passenger steamer Beccr, valueB atj more +an $1,000,000, 
went ashore in the suninier of 1916 during a clensr iog. 
Five lives were lost. and the vessel is still breikino u ) 011 
the beach. In the imnicdiate vicinity of Hunibol>t, bay, 
the harbor of Eureka, a tot.al of 19 shipwrecks have 
occurred in the ast 10 years, all clue indirectly t,o fog. 

1917, of I T .  S. subniarine H-3 durin a fog. Though 
this vessel was finally snlvagecl, t,he rfi S. S. Uik~~cc..ucX.et 
(9,700 tons displacement9), in ntt.eniptiiio to rescue her 
went ashore during 11 fog and was a t.ot.al Toss. No large 
vessel has ever been refloat,ed from these slio~ls, wntl 
many have found graves there. 

northwar 1 fog is of frequent occurrence, part,icularly dur- 

Coast. The Golden Gate, t R e entrance to Sail Fraiicisco 

been numerous as a resu \ t.. Most prominent uf thesr 

Notable among t P lese was t.he st,raneling, during Janumy, 

- 
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ii 
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1 
2 
3 
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6 
7 
8 
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10 
11 
17 
13 
14 
15 
16 

17 
18 
19 

21 

a2 

a3 
24 
25 

B n 
a8 
a0 

80 

31 
83 
33 
34 
85 
36 
37 
38 
39 
40 
U 

m 

- 

[Authority: U. 8. Lighthouse Serv1ce.j 
. .- -. -- 

I 1917. I 19lli. 

345 ai' 
304 103 

151 
1 1  ti0 
171 1111 

3513 71jl 

1.50 6pI 

0 0  

1 0  
7 01 

u 01 

141 257 
135 311 

~ - - - -  

Since fog can not directly cause shipwreck, ita influence 
is alwavs indirect,, and i t  is almost invariably aided and 
a.bct,t.ed bF a st,rong current, or brisk winds. A treacher- 
ous undercurrent occui- a t  many points along the 
Pwiiic coast, causing a vessel t.o "set' as the navigators 
berm it. However, fou remains t,he principal contribut- 
ing cause, since few skpwrecks would occur along the 
co& of Clnlifornin if there were no fo . When for days 
tit, t t  time niivigators are unable t.o 8eterniine a ship's 
posit.ion hy the usual ns trononiical nietliocls, navigation is 
necessarily hazardous. Eren when trlie position is 
kiiown t,liere is danger of collision with another vessel. 

'iiii tioiis iiiirigat,ors tliere€ore usually proceed at slow 
slxwl Juring II. fog, if t.1ie-y proceed nt  all. 

TllE N A T U R E  OF FOG ALONG THE CALIFORNIA COAST. 

The nat'ure oC California const fog has long been known 
t o  meteorologist,s, but u brief description would seem 
nppropriat,e here. Brouclly speakiii it may be separated 
int.o two classes, Summer €0- rind &;iter fog. These will 
be discussoc1 separat,ely in h e  following: 

S~l~.iiz~~i!n~ $)g.-During the siininier nioii t.hs the entire 
C'nliforiiin roast. has a more or less ersist,ent fog bank 
oifsliore aiid ext.eiiding westwnrcl a, cEstance of approxi- 
mately GO miles. llie 'bank seldom exceeds 2,000 feet 
iiiiil is usually itbout, 1,500 feet in vertical thickness. 
Duriiiv the summer half-year, at,mospheric conditions 
in d i forn ia  are doniinatecl by t*lie extensive North 
Pacific HIGH, which is n region of weak barometric 
grnrlients and lience of lit,tle w-ind movement. However, 
the escessive 1ion.t.ing froni insolnt.ion of the great in.terior 
vnllep of California causes t,he air over the interior to 
rise, its plnce beiiiv taken by air clrawn in from the west, 
the high Sierra &ada preventing air coming in from 
t,lie east.. At places where there are breaks in the Coast 
Range the inclrauglit, of air is niarlred. Wind velocities 
of 35 to 30 miles per hour occur re ularly every sunimqr 
nfternocm near tllr Golden G t k  h i s  indraught of air 
from the west, hringa in trlie ocean fo to the land, but it 
usunlly dissiptites or becomes high 5 og or cloud before 
penetrating far. It. should be not,ed that the fog 
originn.t.es over the ocean ~ncl  occasionally is drawn in 
over t'he land. 

The origin of the sumnier type of fog is principally 

mixture being below the dew of the mass and parha 
condensa.tion resnlting. Various investi ations, notably 

have demonstrate8 that there is an upwelling of rei* 
tively cold water along the California coast. The 
temperature of the surface water near the coast is dis- 
tinctly lower than that farther west. During the summer 
nionths of anticyclonic control, when there is a dimin- 
ished gradient and little cyclonic wind movement, the 
nir over this region of relatively cold water is also rela- 
tively cold, aa well as almost saturated. As the super- 
incumbent air receives little or no heat from the cold 
surface water, it  cools and therefore ap roaches its dew- 

g:t't.he west, reinforces the prevailing westerly winds, 
and causes a slow but well-defined west to east move 
ment. Over t.he upwelling water there is a mixing of 
the relatively cold and alniost saturated local air with 
slight.ly warmer air coming in from a more westerly 
region. The la.tter air is also almost staurated because of 
the wide espanse of ocean surface over which it has passed. 
In  the niising the dewpoint is reached, and a portion of 
the invisible water vapor is condensed to form the visible 

the mixing of niasscs of air differingin tem 
relative humidity, tlie temperature of 

those by t.he Scrip s Institution for Bio B ogical Research, 

Moreover, the indraught over t E e interior, of air 
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! 
1 ’ Petit ~ a n m .  $;e __.._.._...______________.._..._ 
1 X’hitchearl. Me ..._________.__...____._________. 
1 Libhv Islands. Me _.________._...._____.___.____ 

moisture particles which collectively are known as fog. Fog 
is simply a cloud in contact with the land or the ocean. 

As the summer type of fog is principally due to the 
mixing of air masses differing in relative humidity and 
in temperature, it  seldoni results in measurable re- 

expand and cool produce precinitation niuch more 
dectively. Though it is foggy along the California 
coast about 50 per cent of the time during the summer 
months, practically no precipitation is recoyded. Ckrtain 
kinds of vegetation ham, through n long-continued 

rocoss of adapting theniselves to their environment, 
Lamed to precipitate water from the fog. For example, 
the redwood (Sequoia se~npeivirent?), one of t.he most 
t pical of California trees, has so successfully learned 
d e  art of precipitating niositure from fog that such a 
grove is dripping wet during a fog. It is a significant 
fact that this tree is found only in tt narrow belt along 
the coast, and never more than 30 miles inltind. Recent 
determinations show that the amount of liquid water in 
the densest fogs is very sniall;z but large areas collect 
large amounts and perhaps some day irrigation will he 
aided by the use of some device for precipitat,ing wat.er 
from fog as successfully as the redwood tree does it. 

Whtrrfog.-Winter fog is less common than the 
summer type, and diffem from it also in being of lnnd 
origin. It occurs in all portions of California, m d  
occasionally moves seaward, though it does not often 
go far offshore. It is very superficial, usually being but 
100 to 300 feet deep. However, it resembles the sumnier 
type of fog in that it requires a weak ba.rometric gradient 
for its formation, and rgorous wind movement prevents 
it from forming. It can be anticipated during the wint.er 
when a large high pressure area impinges upon t,he coast, 
and subsequently moves slowly southeastward. .in 
California it is locally known a.s “tule fog” as it is of 
most fre uent origin over tule lands which ttreswaiiips 
and maiaes  filled wit,h tule or Mesicnn bulrush of t,lie 
enus Scirpa. During the night, when stagnant air 

in contact with moist ground it losea hetit through 
radiation aloft and through conduction to the ground. 
If the lowering of temperature procoeds far enough, 

artial condensation results in the formation oi it “tule 
fog. ” This fog will pei.sist until it is dried up by the sun 
from above, or is laterally displaced by cyclonic wind 
movement. As a factor in navigation it is less dangerous 
than summer fog because it IS less frequent, is very 
shallow, and is not found far offshore. Navigators can 
often avoid it by taking an outside come. Occasionally, 
a lookout stationed at the top of the mast can see ove; 
the fog stratum, thus largely removing the danger of 
runnin ashore. 

In  8 alifornia and vicinity the barometric conditions 
of Summer are wholly different from those of Winter. 
So, too, are the fogs, which are largely dependent on 
barometric gradients and the resulting winds. While 
the summer type of fog occasionally occurs in winter, 
it is uncummon, because the Aleutian LOW then controls 
the weather of the North Pacific. The air is then cooler 
than the water, and contact between the two causes a rise 
in the temperatire of the air rataher than a fall, and 
hence a tendency to dispel fog. 

cipitation. Air masses which ascend and there P ore 

STTMMARP. 

Fog is the principal contributing cause of most of the 
When a marine disasters along the coast of California. 

Hours. Year8. Prr ctnt. 
1,691 31 19 
1 514 31 18 
l:SI% 31 17 

2 United Btatcs Cwst Guard. International ice observation and ice patrol service in 
the N o d  Atlantic O m ,  Februnry to July, 1915. Washington. 1916, pp. 65-72. (11. Y. 
Coest Gunrd, bulletin No. 6.) 

1 1 3 W  
1 Great. Duck Ishnd. Me.. . ..._.._._..._____.____ I 1’3M 

1 Muow. Poali. Ne. .  . ._._.__ _ _  _.___ _._..._.....___ 1,356 
1 Eggllock N e  .................................. 1 341 
18 Pdnt I:e& Light. Cal. ..___________._..._._._. 1:337 
1 Begum. hie __..__________...__._____________..._. 1 331 
1 Nount Dewrt. Ye ...._______...___.___________. 1’304 

MIatidicus Rock. Me.. . . ________.. . _ _ _  _.___. __._ 
1 West Quoddy Head, Ye .._._______._._._.__.___ I 1:372 

1 Little Xiver, Me .._.______....._....____________ I:219 

ship is wrecked through going ashore or by collision, 
it is usually during u period of fog. Fov prevails dur- 
ing a large part of the time, approxirnatay 50 per cent 
of the suninier mont,lis being foggy. Summer fogs origi- 
nate over the ocean, are due prmarily to the mixing 
of sir masses differing in temperature and relative 
humidity, and coincide in estent largely with the up- 
welling of relatively cold water. Winter fogs, of land 
orighi, we shallow in depth, and are caused by the 
cooling and partial condensation of the mositure in a 
stngnant mass of air lying in contact with moist gound. 
Both t.ypus of fog are associibted with anticyclonic con- 
ditions, for they are dispelled by well-defined gradients 
nnd the rctsultiug win&. 
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2.5 16 
31 18 
3 15 

11 15 
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31 15 
24 15 
10 14 

RELATIVE FREQUENCY OF FOG AT UNITED STATES LIGHT- 
HOUSES.8 

ITNITETI STATES H U R E h U  OF 1JGEITHOUREY * 

Fog is iiiorc gcnorailly prwalent throuqhout the first 
district tlian t1:i.v other, as slinwn by the followiug table, 
from which it will he s(?eu that out. of 39 stations in the 
entire serviw, tiveraging over 1,000 hours of fog per year, 
14 or prwt id ly  oiit4nlf :wc’ in tliiit locality. 

33 
9 
9 

31 
10 
I 
10 
31 
7 
7 
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Dls- I 
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I 

14 
14 
14 
13 
13 
13 

12 
12 
12 
12 
12 
12 
12 
I1 
11 
11 

ia 

Slnl ian. 

Per rent I &:;:% I Leugth Of log 
’ rogper ofrecord. z”” 

period. j year. 

a Quoted !ram U. S. EUTPUU o/ Lfghthouaes. The United States lighthouse service, 
1915. Washmgton, 1910. 94 p. So. See p. 49. 


